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CDMPLETE SPEC30FIICATION 

Improvements in or relating to the Oxy-chlorination of 
Hydrocarbons 



We The Distillers Company Limited, 
a Britishi Company, of 12, Torphichen Street, 
Edii^nugh 3, Scotland, do hereby dedcoe 
the dnveniion, for which we pray that a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be pordcidaiily 
described in and iby (the following mte- 
ment: — 

The flnvention relates to the oxycbiorinadon 
10 of al^hatic hydrocarbons in partkndar 
to the oxycMormationi of aHptbadc hydro- 
carbons containing up to four carbon atoms 
peir molecule. 

The production of chlorinated hydrocarbons 
15 by reaction of hydrocarbons with hydrog«* 
chlorrde and oxygen in the vapoiar phase at 
elevated temperature in the pr^ence, as 
cataljrst, of oupric ddoride deposited on a 
support as known. 
20 It is an aim of the presrait invoition to 
provide an improved catalyst for the oxy- 
chlorination of aliphatic hydrocarbons. 

According to the presmt invention the pro- 
cess for the production of chloriiKited bydrt> 
25 carbons ccmpri'ses contacting ^ feed containing 
an aliphatic hydrocarbon having up to four 
carbon stems per molecule, hydrogen chloride 
and molecular oxygen in the vapour phase at 
elevated temperature with ^ catalyst compris- 
30 ing combined copper, combined alkali metal 
and/or combined alkaline earth metal' and 
conibdned zircortium, uranium, thorium^ and/or 
tftaniiHn deposited on activated ahurana diat 
has been subjected to a heat I2r»tment in 
J5 air in the temperature range €00 to 1,200° C, 
pr^erably 900 to 1200^ Q for about 2 to 24 
hours. 



Uiuler the reaction conditioas the catalyst 
is thouigjit to contain the oomibined metals 
at least pardally in the ifbrm of the metal 
oxides, <&ioride or cxychloiides. 

The catalyst as prepaied for use in the 
process may suitably comprise compounds of 
copper su^ sis oopper oxide or coppo: 
ddoidde, whidi may be af^ed to the support 
in any suitable imaimer. For esan^le^ the 
support anay be impregnated "wiih a soludon 
oi copper chloride;, dried and used as sudi 
in die reactor. Altcmatavely the support may 
he impregnated with a solutzkm of a copper 
salt, eg. the nitrate or foinmte;, v?bidi is men 
converted onto copper oxide within the poies 
of the support by either thermal decomposi- 
tion or chemical hydrolysis smtably followed 
hy drying. Where die catalyst is copfter 
oxide formed by die thenooal deoomposidon! 
of a copper salt on a support the thermal 
decomposition to die oxide can taike place 
during the oxychlozmation reacdcMi at the 
reaction temperature employed. The catalyst 
should preferably contain about 0.5 to 10% 
by weight of copper calculated as tte metal. 

The catalyst smtaUy contains diout 0.2 
to 10% by wed^t of dkali metd aod/or 
alkaline earth mital. The combined alkali 
or alt^ne earth metal may be incorporated 
with the catalyst in any smt^e manner, for 
example by Mnpregnadon of the support 
before or ^^er hat treatmoit if emfriloyed 
WTth a solution of a suitable salt or mixitiure 
of salts. The impregnatiaa may toe cmied 
out before, aftor or -simultaneousiy w^di the 
deposition of the copper compouiKL Suitalb^e 
alk^ or allcaline ^rth metal salts mdude 
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hydroxides, chlorides, alumiinat^ and/or 
Bitrat^. Or^nic salts such as formates, oxa- 
lates and/or acetates may also be used. Hie 
catalyst may contain more than one alkali 

5 and/or alkaline Garth, metals. Tlie preferred 
alk^ metals are sodium and potasiimi. The 
preferred alkaline earth metal is magnesium. 

The catalyst suitably contains zirconium, 
uraniimii thorium and/or titanium in propor- 

10 tion ranging from about 0.2 to 10% by weight 
calculated as the metaL It has been foimd 
that the mcorporation of zirconiimi, uranium, 
thorium ond/or titanium- increases the activity 
<rf the cataiyst> whfle gr^ratly reducing the 

15 risk of loss of copper fr(Hn the ca^yst surface 
by volatiKsation. The combined zirconiumj 
uranium, thorium, and/or titanium may be 
incorporated with the catalyst m any suitable 
manner, f ot example by impregnation of the 

20 support before or afto: heat treatm^t with 
2. solution of a suitable salt or mixture of 
salts. The imprecation may be carried oat 
before, after or simultaneously with the incor- 
poration, of the copper, alkali metal and/or 

25 alkaline earth me^ compoimds. Suitable 
ziiconiuai, luranium, thorium or titanium salts 
are for example hydroxides, ddorides or oxy- 
chlcnides, cibonates, or mteates including 
bask: nitrates. Onganic compounds such as 

30 formates, aoeates, or oxalates may also be 
used. The use of the oxalate is particularly 
convemeat. In addition, certaan oigano- 
metallic ccxoopounds such as butyl titanat^, 
may be empioyed whidi may be decomposai 

33 to the corresponding metal oxide on the 
catalyst. 

As vrM be appredalsed by those skxQed in 
the art, there sse numerous methods isi pre- 
paring the catalyst^ the present inventidn being 

40 itn no way Inmted to one such particular 
method. As an altematlve n^thod cf prepara- 
tioa to that de^sibed above there may be 
mentioned the addition of cc^iper oside or a 
compound that yidds copper cssde when 

45 heated, an alkali metal and/or aHcalixe earth 
metal salt and a ziicooium, uranium^ thorium* 
and/or tLtanium salt to an alumina hydrogeL 
In anodier method the copper, alkali and/or 
alkaline earth metal and ziiooimnxr, uranium^ 

50 thorium and/or titanium metal compounds in 
powder f onn are mixed with 'die powdered 
su^^ort and the mixture fbnned into pellets. 

In cOTying out the process the supported 
catalyst may be emloyed in a fixed bed in the 

55 form cf peBets or granules or in a fluidised or 
moving bed. 

The hydrocarbon feed to the reaction may 
statably comprise a paraf5n and/or define 
having up to four t^bon atoms per mdc- 

60 cule. The preferted paraffin is ethane and 
die preferred define is ethylene. Ethane and 
ethylene may also be used in ^hnixture to- 
gether. The jHXHiucts are mainly IjZ-dichloro- 
ethane &om ethylene and ethyl cMorid^ vinyl 



diloride, dichloroethanes and higher chloro- 65 
ethanes from ethane. 

The oxygen in the feed may be provided 
as pure oxygen or as an oxygen containing 
gas, e.g. air. 

The hydrogen chloride may be provided 70 
from any suitable source e.g. as waste hy^to)gen 
chloride from the pyrolysis of 1,2-dichloro^ 
ethane to produce vinyl chloride. The 
hydrogen chloride may ^so be diluted or 
partiaSy replaced by dilorme. 75 

While the reaction is not limited to par- 
ticular ranges of feed composition it may be 
preferable to use hydrogen dhloride and oxygen 
in a small stoidnometric ext^s over the 
hydrocarbon in order to obtain a hi^ con- 80 
version of the latter. Thus for the oxychlorina- 
tiott of ethylene die gas fed to the rector may, 
with advantage, contain 10 — 18 molar percent 
of ethylene together wlih hydrc^^ dhloride 
and oxygen at concentrations corresponding to 85 
about 1.05 of die requxroneats of the follow- 
ing equation: 

QH^ +2Ha+ i-O^-^QH^CL-f-HoO 

The remainder of the gas mixture suitably 
consists of an inert diltrat such as nitrogen. 90 
When the ethylene concentration is at or 
dose to 18 molar pearoent the rest of the feed 
mixture is convementkr made up of aar and 
hydr<^en diloride without addidonal diluent. 

Reaction temperatures may suitably range 95 
from 200° to 500° C. The contact time may 
range from 1/10± to 30 seconds and is 
preferably abotft 0.5 to 15 seconds. 

Hie reaction may be carried out at pressures 
of £r<Hn 1 to 10 atmospheres absolute. The 100 
•use of super-atmospheric pressures is advan- 
tageous because the substantial part of the 
chlorinate product can be recovered by cool- 
ing to ambient temperature. 

The invention is iHustrated further by the 105 
following examples in which parts by wdght 
and parts by volume bear the same rdationship 
as do grammes to mffilitres. 

Example 1 

42 parts by wdgjit of 1/8'' diameter ijeliets 110 
of a commerdal alumina whidi-liad previously 
been heated fdr 24 hours at 1060° C. was im- 
pregnated with ^ aqueous soluticm containing 
4.96 parts by weight of cupric diloride da- 
hydrate, 0.972 parts by wdgjit of potassium 115 
chloride and 3.9 parts by wdght of uranium^ 
nitrate <TJOo(N03)26(H20). The mixture was 
evapor^ed to dryness and further heated until 
the nitrate h^ decomxKJsed. 

It then contained 4% cqpper, 4% uranium 120 
and 1.1% potassium by wdght. 

2,457 parts by vol/m. ethylene, 4y660 parts 
by vol/hr. hydrogen diloride and 5^00 parts 
by volume/hr. air were mixed and passed over 
36 parts hy volume of the catdyst, maintained 125 
at 325° C. in a fixed bed isotbmal reactor. 
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•maxiTtHnn conversion of hydrogen ctioiide 
to chlcnrmated products 95.7% and cslj 
0.6% of thQ ethylene was biont to carboa 
dioxide. 

y Example 2 

A catalyst was prepared by adddng 80 parts 
by wedgjit of a commerdal activat^ alumina 
(in the farm of 1/8" diameter peilets) whidi 
had been previously heated at 1060° C for 

10 24 hours to a solution of 5.4 parts by we^t 
of cupric chloride dihydrate, 4.9 pms by 
weight of technical ziiconiinn ratrate «id 1.2 
parts by wedgjit of potassium chloride. The 
solution was evaporated to drjni^s whh. ccm- 

!5 stant stirring and the resulting catalyst was 
hrated at 400° C. for 3 hoiHs in order to 
decompose the zircomum nitirate to give zk- 
conium oxide. 

Ethylene 1,910 parts by vd/hr, air 4^50 

20 parts by vol/hr. and hydrogen chloride 3,450 
parts by vol/hr. were mixed and passed 
through the catalyst, 36 parts by volume in- a 
fixed bed isothermal reactor at 300° C The 
conversion of hydrogen chloride to dilorinated 

25 prodiKt was 99%. 

Example 3 
A catalyst was prepared by adding 84 parts 
by weight of a commercial activated alumina 
(1/8" diametCT peHets), which had been pre^ 

30 viously heat«i at 1060° C for 24 houis, to 
a solution of 9.92 parts by weight of cupric 
chloride dihydrate, 13.75 parts by wei^t 
technical gride zirconiimi nitrate ^d 2.58 
parts by weight of sodium' chloride in 100 

35 parts by weight of w^ter. The mixtiffe was 
evaporated to dryness with constant stirring 
and then heated to decompose the ziicomum 
nitrate to the oxide. The resulting cataljrst 
container 4% of copper, 4% of zarconium vmd 

40 1.1% by weight of sodium. 

Ethylene 1,900 parts by vol/hr, hydrogen 
chloride 3,630 parts by vol/hr. and air 4,550 
parts by vol/hr. were mixed and passed over 
the catalyst 28 parts by volume^ maintained- at 

45 290° in a fixed bed isothermal rractor. 

The maximum conversion of hydrogen 
chloride to products was 99.5% and only 
0.8% of the ediyiene was burnt. 

Example 4 

50 A catalyst was prepared aracdy as des- 
cribed an Examples 1 and 2 excq>t that instead 
of the alkali metal, a magnesium salt was 
us«i The catalyst containai 4% of copper, 
4% of zkconium and 1.1% by wei^t of 

55 magnesium. 

Ethylene 2,450 pats by vol/hr, hydrogen 
chloride 4,660 pspis by vol^. and air 5,850 
parts by vol/hr. were mixed and passed over 
the catalyst, 36 parts by volonne, maintamed 

60 at 290° in a fixed bed isothermal reactor. 
TTie maximum conversion of hydrogen 
chloride to prodioas was 99.1% and only 
0.6% cS the ethylene was burnt 



Example 5 

A niiBi^ber of catdysts wctq prepared by 65 
adding 100 parts by w^ght of the support 
(commfirdal actrvatBd slununa, 9 — 18 mesh 
BSS t^ sieve, previously heated at 1050° C. 
fOT 24 hours) to a solution of 5.37 parts by 
weight of cupric cMorade, 2294 parts by 70 
weight of potassium ddoride and* 10.14 parts 
by weight of thwium nitrate hexahydratse in 
100 parts by weigjrt of water. The mixture 
was evaporated to dryness mih constant stir- 
ring and dried for 6 hours at 120° C. after 75 
which it contained 2% coppor, 1.2% 
potassium and 4% thoriian. 

Example 6 
Etliylene (2,420 parts by voliune/hour) 
hydrog«i diloride (4,610 pms by volume/ 80 
hour) and air (5,930 parts by volume/hour) 
were mixed and passed over 36 parts by 
volimie of die catalyst siq>parted on alumina 
prqjared according to Example 5 above and 
naintained at 275° C in a fixed bed iso- 85 
thermal reactor. The (majrimirm: conversion 
of hydrogen chloride to chlorinaied products 
was 98.2%. Only 0.7^ <rf the ethylene fed 
was burned. 

Example 7 90 
5.36 parts by weight of cupric chloride di- 
hydrate, 4.6 parts by weight of magn^ium 
chloride hexabydrate, and 5.05 pMts by weight 
of thorsim nitrate hexahydrate were dissolved 
in ^e minimum amount of wata: and used 9f 
to impregnate 42 parts by weigjit of l/8th 
indi diameter pellets of commercial activated 
alumina which had prevaously been at 1060° 
C. for 24 hours. Hie mixture was evaporated 
to dryness with constam stirrmg and further 100 
heated to decompoBe the thorium nitrate to 
the oxide. The catalyst then contained 4% 
copper, 1.1% magn«iiim and 4% thorium. 

1,943 parts by volume/hr. of etiiylene, 
3,652 parts by volume/hr, and 4^652 parts 105 
by volume/hr. of air were mixed and passed 
over 28 parts by volume of the catalyst at 
300° C, in a fixed bed dsothermal reactor, 
A maximum conversion oif 93.6% of hydrogen 
chloride .fed to chlcninated products was ob- 110 
tained and 1.7% of the ediyiene fozmed carbon 
dioside. 

Example 8 
A catalyst w^ prepared by adding 95 parts 
by wedgjit of commercial Actal* alumsna, 115 
1/8^', pSlets, whidi had previously been heatr 
treated at 1060° C for 24 hours to an aqueous 
solution of approsimately 5.68 parts by weight 
of titanic o^ate <Sssolv6d in oxalic add. 
Titanic oxalate was prepared by dissolving 8 120 
parts by weight of titanic chloride m a am- 
centratoi aqueous solution of oxalic acid with 
healing. The mixture was evaporated to dry- 
ness with constant stining, and heated for 1 
hour at 400° Q to decompose the oxakte to 125 
the oxide. This mixtusre was allowed to ocsd, 
and was then added to a solution of 5.37 psffts 
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by 'wdght cf cupric chloride dihydxate and 
1.14 parts of potassium ddtaide In ICQ parts 
by weight of water. The mktioe was evapor- 
ated to dryn^s with constant sdrrmg and 

5 dried for 6 hours at 120° O. after which 
it contained 2% of copper, 0.6% of potassiim 
and approxmmtdy 2% of titanium. 

parts by volume/hours cf ethylene, 
6^20 parts by volume/hour of hydrogen 

10 cMcoride and 7,800 parts by whme/hcur cf 
air were mixed and passed through the cata- 
lyst, 40 parts by volume, maintained at 275° 
C. ia a diermostatically controlled reactor. 
The maxunmn conversion of hydrogen 

15 chloride to chlorinated product was 96.5%. 
1-7% of ediyiene fed was burnt to carbon 
dioxide. 

Example 9 
A catalyst was prepared by impregnating 

20 100 parts by weight of commercial Actal 
almnira (1/8" dieter pellets), whidi had 
previously been h^ted for 22 hours at 1060° 
C, with a 10% nitric add solution containing 
18.3 g. of zirconium nitrate^ 11.9 g. of cupric 

25 chloride dihydrate and 22.3 g. of magnesium 
chloride hexahydnite. The resulting mixtee 
was evaporated to dryness with constant 
sthring,dri«l£or6hoiHsat 110° CffiidfinaUy 
h^ted at 400° C f or 2 hours to doxmpose 

30 the nitrates, after which the catalyst con- 
tained 4% of cc^per, 4% of mconiimi and 
2.5% <^ magnesium. 

Ethylene (2,265 parts by volmM/hr.), 
hydrogen ddorMe (4,755 jarts by volume/hr.) 

35 and air (5,940 parts by voltime/hr.) were 
mixed and passed through the catalyst (36 
parts by volume) in a thermcstalically con- 
troled diameter fixed bed reactor at 290° 
C The conversion of hydrogen chloride 

40 was 95.1%, and 0.-6% of the ediylene was 
burnt to carbon dioxide. The utilisation of 
Xylene was 100%. 

WHAT WE CLAIM IS:— . 

1. A proffiss for the production of cnlonn- 
45 ated hydrocai^bons which comprises contacting 

a feed contaming an aliphatic hydrocarbon 
having up to four carbon atoms per molecule, 
hydrogoi chloride and molecidar oxygen in 
the vapour phase at elevated temperature with 

50 a catalyst comprising combined copper, ccHn- 
bined allail metal and/or combined alkahne 
eardi metal and combined zirconium, nraninm, 
llioriaim, and/or titaninm deposited on acti- 
vated alunana which has been subjected to a 

55 heat treatment in adr in the temperato te la nge 
600° to 1200° C for about 2 to 24 hours. _ 

2. A process as claimed in Oaim 1 wheran 
the catalyst comprises copper diloride. 

3 A process as daimed in Claims 1 cff 2 
60 whorein die catalyst comprise co^Jer 

4. A prcc^ as claimed m Clam 3 wherm 
die catalyst comprises copper os3de fOTOMn 
by impregnation of the alumina support with 
a solution of a copper salt and canveraion of 



the dqpt>sited coiner salt to copper oidde 65 
within the pares of the alumina by thermal 
d6aHni»>sition or chemical hydrolysis. 

5. A process as claimed in Claim 4 wherein 
the copper salt is copper mtrate or copper 
fOTmate. 70 

6. A process as claimed m Claims 4 Or 5 
wherein convecsicn to copper oxrde as (effected 
by diermsil decomposition simultaneously with 
the Q^hlorinarion reaction under the ruc- 
tion ccHiditions en^loyed . 75 

7. A process as claimed in any of the pre- 
ceding daims wherein the cat^yst contains 
about 0.5 -tt) 10% by weight of coppar calcu- 
lated as the met^. 

8. A process sjs damied in any of the pre- 80 
ced^ clahns wherdn the catdyst contains 
about 0.2 to 10% by weight of alkali and/or 
alkaline esurth metd. 

9. A process as daimed in any of the pre^ 
ceding daims whearem tiie combmed a&iali 85 
and/or alkaline earth metal as incorporated 
in the catalj^ by impregnation of the almmna 
supiKfft with a solution of an alkali and/or 
alkaline earth metal salt bdfore, after or 
simultaneously witii the mcorporation of the 90 
copper. 

10. A prooKs as daimed in Qaim 9 wherem 
the alkali and/or alkaline earth metal salt 
contprises a hydroxide, d3loride» altmimate, 
nitrate, formate, oxalate or acetate. 95 

11. A process as damied in any of the 
preceding daims wherein the alkali metd is 
sodium or potassium. 

12. A process as daimed in any of daims 
1 to 10 wherem the alkaline earth metsd is 100 
magnesium. 

13. A precis as claimed in any <rf the 
preceding daims wherein the catalyst cop- 
tains about 0.2 to 10% by wdght of ar^ 
conimn, tiranium thoriiim^ and/or tilBnium 105 
calculated as the metal. 

14. A process as claimed ia any of tiie 
preceding daims wherein the combined zir- 
conium, uranium, thorium and/or titanium^ is 
incorporated in the catalyst by impregnation 110 
cf the alumina support with a solution of a 
zirconium, uranium, thorium and/or titanium 
salt before, after or simultaneously with the 
dnccrporaticm of copper, alkali metal, or alka- 
line earth metal. ^ 115 

15. A process as daimed in Claim ^ 14 
wherein the zirconium, uranium, thorium 
and/or titanium salt comprises a hydroxide, 
chloride, oxychloride, carbonate, nitrate, oxa- 
late, formate xsr acetate, 120 

16. A iHooess as' daimed in any of the 
preceding daims wherein the aliphatic hydro- 
carbon comprises a paraffin. 

17. A process as, daimed in Oaim 16 
wherdn the paraffin is ethane. 12*5 

IS. A process as daimed in any of the 
preo^hig daims 1 to 15 wherdn the aliphatic 
hydrocarbon ccnnpris^ an oleime. 
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19. A process as daimed in Qann 18 
wherein tbe olefine ds ethyiene, 

20. A process as daiined in any of the 
precedii^ claims wheredn the hydrc^ai chloride 

5 is waste hydrogen chiOTde horn the pyrolysis 
(rf l,2-dichloro5hane to prodiioe vinyl ddorade. 

21. A precis as daimed in any <rf die 
precec^ng daims wherdn die hydrogoi 
chloride ds diiluted or partially .replaced by 

10 chlorine. 

22. A process as claimed dn any of the 
preceding claims carried oist at tempc^tures 
in the range 200® to 500° C. 

23. A proo^ as daimed in any of the 
15 preceding daims carried out at a contact time 

of 0.1 to 30 seconds. 

24. A process as claimed dn any of the 



pra:eding daims carried ont at pnKsmes of 
from 1 to 10 atmospheres albsolute. 

25. A prooKs for the production of ddorin- 20 
ated hydrocarbons substantdaH^y as hereinb^ore 
described with ief«enoe to the examples 1 

to 4 & «6 to 10 

26. Dichloroetfaanes whenever jxroduced 
from ediylene by a process as daimed dn 25 
aaim 1-8. 

27. Vinyl ddoiide whenever produced from 
ethane by a process as dadmcd dn Ciaim 17. 

28. Ethyl chloride whoever prod^rod &y a 
process as daimed in daim 17. 30 

J. HARRY 
Agent for the Applicants^ 
Great Burgh^ Epsom, Surrey 
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